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(57) ABSTRACT 

A semiconductor device comprises an active region (4), a 
cladding layer (5,7), and a saturable absorbing layer (6) 
disposed Within the cladding layer. The saturable absorbing 
layer comprises at least one portion (11a) that is absorbing 
for light emitted by the active region and comprises at least 
portion (11b) that is not absorbing for light emitted by the 
active region. 

The fabrication method of the invention enables the non 
absorbing portion(s) (11b) of the saturable absorbing layer 
(6) to produced after the device structure has been fabri 
cated. This alloWs the degree of overlap between the non 
absorbing portion(s) (11b) of the saturable absorbing layer 
(6) and the optical mode of the laser to be altered after the 
device has been groWn. 

11 Claims, 6 Drawing Sheets 
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SEMICONDUCTOR DEVICE AND A 
METHOD OF MANUFACTURING A 

SEMICONDUCTOR DEVICE 

FIELD OF THE INVENTION 

This Nonprovisional application claims priority under 35 
U.S.C. §119(a) on Patent Application No.0307555.3 ?led in 
Great Britain on Apr. 2, 2003, the entire contents of Which 
are hereby incorporated by reference. 

The present invention relates to semiconductor device, in 
particular to a laser device such as, for example, a self 
pulsation laser device. It also relates to a method of manu 
facturing a semiconductor laser device. 

BACKGROUND OF THE INVENTION 

One common use of a semiconductor laser device is to 
record data onto or read data from an optical storage medium 
such as an optical disc. One problem encountered in this use 
is that, When reading data from or recording data to an 
optical disc, a fraction of the light emitted by the laser is 
re?ected by the optical disc and is coupled back into the 
laser. The re?ected light and the laser beam interfere opti 
cally, and this interference cause instabilities in the laser 
cavity Which result in the generation of noise in the laser’s 
output poWer. 
One proposal for overcoming this problem is to use an 

optical arrangement Which minimises the amount of light 
coupled back into the laser by separating the illumination 
optics from the collection optics. HoWever, this leads to a 
much heavier, larger and more expensive optical arrange 
ment. 

Another proposal for overcoming this problem is to drive 
a laser according to a method knoWn as the “high frequency 
overlapping method”. In this method, a current oscillating at 
a high frequency is superimposed on the driving current of 
a semiconductor laser device. The high-speed modulation 
caused by the high frequency current destroys the phase 
coherence betWeen the oscillating modes of the laser and 
any light re?ected back to the laser by the optical disc, 
thereby rendering the laser insensitive to the optical feed 
back. This method has the disadvantage, hoWever, that extra 
circuitry is required to bias and modulate the laser diode at 
a high frequency and this complicates the overall system and 
makes it much more expensive. Also, this method does not 
alloW the miniaturisation of an optical set-up that uses a 
semiconductor laser. 

Another approach to solving the problem has been to use 
a self-pulsating laser diode that use a direct current (DC) 
unmodulated drive current. Such a laser device o?fers loW 
noise characteristics for optical disc reading/Writing sys 
tems, by reducing the relative intensity of noise arising from 
the optical feedback from an optical disc. 

The basic principle of a self-pulsation semiconductor 
laser is that the laser structure contains a layer or region that 
is absorbing for light emitted by the active region of the 
laser. Initially carriers are con?ned in the absorbing layer/ 
region and are alloWed to accumulate in the absorbing 
layer/region after it absorbs light generated in the active 
region. The accumulation of carriers in the absorbing layer/ 
region causes a drop in its absorption coe?icient i.e., the 
absorbing saturates. This reduces the loss in the cavity of the 
laser device, and so leads to the sudden onset of a strong 
laser pulse as the photon density in the cavity rises above the 
threshold for laser action, The device quickly stops lasing as 
the intense lasing mode rapidly depletes the carriers in the 
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2 
active region, replenishing the absorption coe?icient of the 
laser cavity to its original value. This cycle repeats itself, and 
hence self-pulsation is achieved. 

ACKNOWLEDGEMENT OF THE PRIOR ART 

One method of achieving self-pulsation, disclosed in US. 
Pat. No. 6,002,701, is to include a saturable absorbing layer 
in the laser structure. In general this method involves 
groWing a quantum Well layer near the active region (nor 
mally in a cladding layer of the laser), so that the quantum 
Well layer overlaps With an optical mode propagating in the 
laser. By adjusting the thickness of the quantum Well layer, 
the effective band gap of the quantum Well may be set beloW 
or above the band-gap energy of the active region, thereby 
determining Whether or not the quantum Well layer absorbs 
light generated in the active region. Similarly Kidoguci et al. 
suggest, in “Appl. Phys. Lett.” Vol. 68 (25) (1996), provid 
ing a highly doped saturable absorbing layer above the 
active layer of a semiconductor laser device in order to 
obtain self-pulsation in AlGaInP laser devices. 

Self-pulsating laser diodes in Which a p-type doped mul 
tiple quantum Well acts as an absorbing layer and Which 
operate at temperatures of up to 1000 C. have been reported 
by H. D. Summers et al. in “IEEE Photonics Technology 
Letters”, Vol, 10, No. 9 (1998). 

Self-pulsation in a semiconductor laser device has also 
been achieved by adjusting the absorption in the lateral 
direction around the active layer. C. H. Henry et al. in “J. 
Appl. Phys.” Vol. 52, p4457 (1981); J. Manning et al. in 
“IEEE J. Quantum Electronics”, Vol. QE-l9, p1525 (1993); 
and N. K. Dutta et al. in “Appl. Phys. Lett.” Vol. 45, p836 
(1984) have reported a change of the refractive index in the 
lateral direction, oWing to current injection, in multiquantum 
Well (MQW) and double heterostructure lasers. H. Hayashi 
et al. shoWed, in “JEICE Technical report on Optical and 
Quantum Electronics” Vol. OQE88-5, p33 (1998)), that this 
change of refractive index in the lateral direction, Which is 
also evidence of a change in the band gap of the, active layer, 
is an important factor for obtaining self-sustained pulsation 
in laser diodes. T. Tanaka et al. reported, in “Appl. Phys. 
Lett.” Vol. 53(25), p2471 (1984), fabricating high poWer 
self-sustained pulsating lasers using this technique, by opti 
mising the thickness of the cladding layer and the active 
region. 

FIG. 1 is a schematic vieW of a self-pulsation semicon 
ductor laser device 17. The laser device 17 comprises a 
substrate 1, and a multi-layer structure 16 groWn over the 
substrate 1. A buffer layer 2 is groWn over the substrate 1, 
and a ?rst (in this case, n-type) cladding region. 3 is groWn 
over the buffer layer 2. An active region 4 is groWn over the 
?rst cladding region 3. The active region 4 is not shoWn in 
detail in FIG. 1, but it Will typically consist of a multiple 
quantum Well (MQW) structure. A second cladding region, 
of opposite conductivity type to the ?rst cladding region 3, 
is then groWn over the active region 4. Since the ?rst 
cladding region 3 is, in this example, an n-type cladding 
region, the second cladding region in this example is a 
p-type cladding layer. A capping layer 8 is disposed over the 
upper surface of the second cladding region. Electrodes (not 
shoWn) are disposed over the capping layer 8, and on the 
underside 6 of the substrate 1, to alloW a current to be 
applied to the laser device. 
The self-pulsation laser device 17 of FIG. 1 further 

includes a layer 6 disposed Within the second cladding 
region. The layer 6 absorbs light emitted by the active region 
4 of the device, and Will be referred to as a “saturable 
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absorbing layer”. The second cladding region thus consists 
of a ?rst cladding layer 5 disposed betWeen the active region 
and the saturable absorbing layer 6, and a second cladding 
layer 7 disposed betWeen the saturable absorbing layer 6 and 
the capping layer 8. The saturable absorbing layer 6 may be 
a quantum Well layer that is thicker than the active region, 
and in this case the saturable absorbing layer may also be 
referred to as a thick quantum Well or TQW. Alternatively, 
the saturable absorbing layer 6 may be a strained layer. The 
saturable absorbing layer 6 is located in the p-type cladding 
region, and so is preferably doped p-type to ensure that a 
conductive path exists through the p-cladding region. 

The saturable absorbing layer 6 is positioned suf?ciently 
close to the active region 4 so that it overlaps With an optical 
mode propagating in the active region 4 of the laser device 
17. As explained above, the saturable absorbing layer 6 
gives rise to the self-pulsation effect. The distance betWeen 
the saturable absorbing layer 6 and the active region 4 can 
be chosen depending on the amount of overlap desired 
betWeen the saturable absorbing layer 6 and the optical 
mode, and on the degree of absorption desired in the 
saturable absorbing layer. 

“Improvements in mode-locked semiconductor diode 
lasers using monolithically integrated passive Waveguides 
made by quantum Well interrnixing”, by F. Camacho et al in 
Photonics Technology Letters, IERE, Vol. 9, No. 9 p1208 
1210 (1997) discloses a semiconductor laser having a satu 
rable absorber in the laser cavity. A selective quantum Well 
intermixing technique is used to provide absorbing and 
non-absorbing regions in the laser cavity, This laser does not 
operate in the self-pulsation regimeithe paper is speci? 
cally directed to avoiding self-pulsation conditions. 

SUMMARY OF THE INVENTION 

A ?rst aspect of the present invention provides a method 
of manufacturing a semiconductor device comprising the 
steps of: groWing a semiconductor structure having a ?rst 
cladding reagion, at least an active layer, a second cladding 
region, and a saturable absorbing layer disposed Within the 
second cladding region; and subsequently modifying the 
band-gap energy of the saturable absorbing layer over one or 
more selected areas of the device. 

In a conventional self-pulsation semiconductor laser of 
the type shoWn in FIG. 1, the absorbing properties of the 
saturable absorbing layer 6 are primarily dependent on the 
distance betWeen the active region 4 and the saturable 
absorbing layer 6, and also on the Width and band-gap 
energy of the saturable absorbing layer. These characteristics 
are all de?ned during the groWth process, and so are ?xed 
during the groWth of the laser device. The prior art methods 
of fabricating a self-pulsation laser thus have little or no 
post-groWth control over the properties of the saturable 
absorbing layer. Devices groWn according to these prior art 
methods also have poor reliability, and this is due to the 
generation of heat in the saturable absorbing layer (U.S. Pat. 
No. 5,471,494). 

In the present invention, hoWever, the absorption charac 
teristics of the saturable absorbing layer may be changed 
after the device structure has been groWn, Without affecting 
the emission properties of the active region. This alloWs, for 
example, the saturable absorbing layer to be initially groWn 
as absorbing for light emitted by the active region of the 
device; one or more selected areas of the saturable absorbing 
layer may subsequently be treated so as to increase their 
bandgap and so become non-absorbing for light emitted by 
the active region of the device. The invention thus provides 
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4 
an improved method of manufacturing a device such as, for 
example, a self-pulsation laser device. 

Regions of the saturable absorbing layer that are treated 
so as to become non-absorbing for light emitted by the active 
region are able to act as a heat sink for heat generated in 
regions of the saturable absorbing layer that remain absorb 
ing for light emitted by the active region. 
The method may comprise increasing the band-gap 

energy of the one or more selected areas of the saturable 
absorbing layer. The saturable absorbing layer be groWn 
With a band-gap energy that is smaller than the band-gap 
energy of the active region, and the method may comprise 
increasing the band-gap energy of the one or more selected 
areas of the saturable absorbing layer so as to be greater than 
the band-gap energy of the active region. Making the 
band-gap energy of the one or more selected areas greater 
than the band-gap energy of the active region renders said 
selected area non-absorbing for light emitted by the active 
region. 
The one or more selected areas of the saturable absorbing 

layer may comprise substantially the entire area of the 
saturable absorbing layer, Thus enables the absorbing char 
acteristics of the saturable absorbing layer to be modi?ed 
over substantially its entire area. Alternatively, the band-gap 
energy of the saturable absorbing layer may not be inten 
tionally altered in one or more chosen regions. 
The step of modifying the band-gap energy of the satu 

rable absorbing layer may comprise creating vacancies near 
a surface of the device. It may comprise creating the 
vacancies near a surface of the device on the opposite side 
of the saturable absorbing layer to the active region. The 
vacancies are not required to pass through the active region 
as they migrate into the saturable absorbing layer, and so do 
not affect the emission properties of the active region. 
The method may comprise plasma irradiation of the 

surface of the device thereby to create vacancies near a 
surface of the device. It may comprise disposing a dielectric 
layer over the surface of the device before the plasma 
irradiation. The dielectric layer may be a silicon dioxide 
(SiO2) layer or a silicon nitride layer. 
The method may comprise the step of heating the device 

thereby to migrate the vacancies into the saturable absorbing 
layer, 
The saturable absorbing layer may be a quantum Well 

layer. 
The band-gap energy of the active region may be unal 

tered or substantially unaltered by the step of modifying the 
band-gap energy of the one or more selected areas of the 
saturable absorbing layer. The step of modifying the band 
gap energy of the one or more selected areas of the saturable 
absorbing layer does not affect the emission properties of the 
layer, in contrast to the method of Camacho et al (above). 
A second aspect of the invention provides a device 

produced by the ?rst aspect. The device may be a laser 
device, for example a stripe ridge laser device. It may be a 
self-pulsation laser device. 
A third aspect of the invention provides a semiconductor 

device comprising an active region; a cladding region; and 
a saturable absorbing layer disposed Within the cladding 
region; Wherein the saturable absorbing layer comprises one 
portion that is absorbing for light emitted by the active 
region and comprises another portion that is not absorbing 
for light emitted by the active region. 
The saturable absorbing layer may comprise a plurality of 

absorbing portions that are each absorbing for light emitted 
by the active region. It may further comprises a plurality of 
non-absorbing portions that are each not absorbing for light 
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emitted by the active region. The absorbing and non-absorb 
ing portions of the saturable absorbing layer may each be 
substantially stripe-shaped. 
The device may be a semiconductor laser device. 
The absorbing and non-absorbing portions of the satu 

rable absorbing layer may be crossed With the lasing direc 
tion of the laser device. 

The laser device may be a stripe ridge laser device, and 
the saturable absorbing layer may comprise a ?rst stripe 
shaped non-absorbing portion disposed substantially under 
and parallel to the stripe ridge. It may comprise at least a 
second non-absorbing portion, said second non-absorbing 
portion of the saturable absorbing layer not being disposed 
under the stripe ridge. Said second non-absorbing portion of 
the saturable absorbing layer may extend substantially par 
allel to the stripe ridge. 
At least one absorbing portion of the saturable absorbing 

layer may be coupled, in use, to an optical mode propagating 
in the laser device. 

The laser device may be a self-pulsation laser device. 
Preferred embodiments of the present invention Will noW 

be described by Way of illustrative examples With reference 
to the accompanying ?gures in Which; 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of a conventional 
self-pulsation semiconductor laser device incorporating a 
saturable absorbing layer; 

FIG. 2 illustrates a self-pulsation semiconductor laser 
device produced by a method of the present invention; 

FIG. 3 shoWs the peak photoluminescence Wavelength of 
a thick quantum Well (TQW) and the active region of a 
semiconductor laser device for different annealing tempera 
tures; 

FIGS. 4(a) to 4(c) shoW a ?rst embodiment of a self 
pulsation laser device according to the present invention; 

FIG. 4(d) illustrates the manufacture of the laser device of 
FIG. 4(a); 

FIG. 5(a) shoWs a second embodiment of a self-pulsation 
laser device according to the present invention; 

FIG. 5(b) illustrates the manufacture of the laser device of 
FIG. 5(a); 

FIG. 6(a) shoWs a third embodiment of a self-pulsation 
laser device according to the present invention; 

FIG. 6(b) illustrates the manufacture of the laser device of 
FIG. 6(a); and 

FIG. 7 illustrates diffusion of vacancies into a laser device 
Like reference numerals denote like components throughout 
the draWings. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention Will be described With reference to 
a laser device. The invention is not, hoWever, limited to use 
With a laser device and may be applied to other semicon 
ductor devices. 

The fabrication method of the present invention provides 
a method of changing the absorption properties of the 
saturable absorbing layer 6 of a self-pulsation laser device 
having the general structure of FIG. 1 after the laser struc 
ture has been groWn. Moreover, the fabrication method of 
invention enables the absorbing properties of the saturable 
absorbing layer 6 to be altered over one or more selected 
areas of the laser device While leaving its properties unal 
tered (or not intentionally altered) in non-selected areas, and 
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6 
this enables novel laser devices to be made, Furthermore, the 
fabrication method of the invention has little or no effect on 
the band-gap energy of the active region of the laser device, 
so that the emission Wavelength of the laser device is not 
signi?cantly affected When the properties of the saturable 
absorbing layer are altered. The laser structure may therefore 
be designed to provide a particular emission Wavelength, 
and the ?nal laser device Will generate light of this emission 
Wavelength regardless of the manner in Which the properties 
of the saturable absorbing layer are altered. 

In one embodiment of the fabrication method of the 
invention, the technique of quantum Well intermixing (QWI) 
(John Marsh, “Compound Semiconductor”, Page 63, Sep 
tember (2001)) is used to increase the effective band gap of 
the saturable absorbing layer, thereby controlling the amount 
of absorption in the saturable absorbing layer. Controlling 
the absorption in the saturable absorbing layer in this Way 
enables the self-pulsation characteristics of the laser device 
to be controlled. 

FIG. 2 illustrates the manufacture of a laser device 
according to one embodiment of the fabrication method of 
the intention. Fabrication of a single laser device Will be 
described for convenience although, in general, the layer 
structure Will be groWn as a Wafer having a diameter of a feW 
inches Which is then cleaved to form individual laser devices 
With electrodes then being provided on each individual laser 
device. 

In this method, a laser device 18 having the same general 
layer structure as the laser device 17 of FIG. 1 is initially 
groWn. The detailed description of this general layer struc 
ture Will not be repeated. In this embodiment the saturable 
absorbing layer 6 is formed by a quantum Well layer, such 
as a TQW, having a band-gap energy loWer than the energy 
of photons generated in the active region. In this embodi 
ment the saturable absorbing layer 6 is disposed Within the 
p-type cladding region and so is preferably doped p-type. 

Next, a dielectric layer 9 is deposited over the laser 
device, on the upper surface of the capping layer 8. 
Examples of suitable materials for the dielectric layer are 
silicon dioxide (SiO2) and silicon nitride (S3N4). This layer 
may be deposited by plasma-enhanced chemical vapour 
deposition, although in principle any suitable process may 
be used. 
Once the dielectric layer 9 has been deposited, vacancies 

are created Within the laser device, near the surface protected 
by the dielectric layer 9. One convenient Way of carrying out 
this step is to irradiate the laser device With a plasma that 
creates vacancies in the capping layer 8 and in the upper part 
of the second cladding layer 7. The dielectric layer 9 protects 
the surface of the laser device during this irradiation process, 
and reduces the number density of vacancies formed in the 
capping layer 8 and the cladding layer 7 as a result of the 
irradiation process. 

Finally, the laser device 18 is annealed in order to cause 
the vacancies created near the surface of the laser structure 
to migrate through the laser structure. As vacancies migrate 
into the saturable absorbing layer 6, they promote quantum 
Well intermixing and increase the effective band gap of the 
saturable absorbing layer 6. This enables the absorption 
properties of the saturable absorbing layer to be adjusted. 

If desired, the dielectric layer 9 is removed after the 
irradiation step and a neW dielectric layer is deposited over 
the laser device. This ensures that the upper surface of the 
device is relatively ?at, and leads to uniform annealing of 
the surface (the annealing is usually performed “face 
doWn”). This enhances the intermixing that occurs as a result 
of the migration of vacancies induced by the annealing step. 
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In principle, however, the dielectric layer 9 could be 
retained, and a neW dielectric layer deposited over the 
dielectric layer 9. Alternatively the existing dielectric layer 
9 could be retained, Without deposition of a neW dielectric 
layer. 

The process of creating vacancies and annealing the laser 
device to cause the vacancies to migrate through the layer 
structure of the device does not a?fect the emission proper 
ties of the active region. This is because the number density 
of vacancies formed in the capping layer 8 and the second 
cladding layer 7 is loW, oWing to the presence of the 
dielectric layer during the irradiation process. This is illus 
trated in FIGS. 3 and 7. 

FIG. 3 shoWs the peak photoluminescence Wavelength for 
the active region (triangles) and the saturable absorbing 
layer (circles) for a typical self-pulsation laser device of the 
type shoWn generally in FIG. 2. The peak photolumines 
cence Wavelengths shoWn Were measured after the irradia 
tion and annealing processes, and are shoWn as a function of 
the annealing temperature. 

The saturable absorbing layer 6 of the laser device shoWn 
in FIG. 2 is groWn so as to be absorbing for light emitted by 
the active region 4, The saturable absorbing layer is formed 
by a quantum Well layer having a loWer band gap, and thus 
a loWer photon energy, than the active regioniand as a 
result the peak photoluminescence Wavelength, before 
annealing, of the saturable absorbing layer is greater than the 
peak photoluminescence Wavelength of the active region. In 
the results shoWn in FIG. 3, the saturable absorbing layer has 
a band gap corresponding to a peak photoluminescence 
Wavelength before annealing of around 750 nm, Whereas the 
active region has a bandgap corresponding to a peak pho 
toluminescence Wavelength before annealing of around 733 
nm. 

FIG. 3 illustrates the e?fect on the peak photolumines 
cence Wavelengths of the active region and the saturable 
absorbing layer as the annealing temperature is altered. It 
Will be seen that there is no observable e?fect on the peak 
photoluminescence Wavelengths for annealing temperatures 
of up to around 8000 Cithe peak photoluminescence 
Wavelength of both the saturable absorbing layer and the 
active region remains substantially unaltered. 
When the annealing temperature is raised to 8250 C., 

hoWever, the peak Wavelength of the saturable absorbing 
layer region falls, to around 720 nm. This indicates that the 
e?‘ective band gap of the saturable absorbing layer region 
has increased, and is noW greater than the band gap (and 
hence the emitted photon energy) of the active region. Thus, 
the saturable absorbing layer is noW non-absorbing for light 
generated in the active regionithe vacancies created by the 
irradiation process have migrated into the saturable absorb 
ing layer and have caused quantum Well interrnixing, lead 
ing to an increase in the e?‘ective band gap of the saturable 
absorbing layer. It is possible to control the absorbing 
properties of the saturable absorbing layer in this Way. 

It Will be seen in FIG. 3 that the peak Wavelength of the 
active region does not change signi?cantly for any of the 
annealing temperatures shoWn in FIG. 3. This indicates that 
it is possible to alter the absorbing properties of the saturable 
absorbing layer Without having a signi?cant e?fect on the 
emission properties of the active layer. The peak Wave 
lengths of the active region shoWn in FIG. 3 are substantially 
equal to the peak Wavelengths before the irradiation and 
annealing steps had been carried out. 

FIG. 3 relates to the GaAs/GaAlAs system, and the 
minimum annealing temperature of 8250 C. relates to this 
material system. The minimum annealing temperature is 
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8 
expected to be di?ferent in other material systems, but the 
general principle of FIG. 3 is applicable to other material 
systems, 

FIG. 7 illustrates the e?fect of the dielectric layer 9 on the 
intermixing process. FIG. 7 shoWs the vacancy concentra 
tion pro?le (horizontal axis) as a function of the distance into 
the device, measured from the top surface of the device. The 
curve 32 in FIG. 7 illustrates the typical vacancy concen 
tration pro?le obtained by irradiating the device in the 
absence of the dielectric layer 9 to create vacancies near the 
surface of the laser and subsequently annealing the device to 
cause the vacancies to migrate through the device. The 
positions of the saturable absorbing layer 6 and active region 
4 are indicated schematically in FIG. 7, and it Will be seen 
that curve 32 indicates that a number of vacancies migrate 
into the active region, and this Would a?fect the emission 
properties of the active region. 

Curve 31 in FIG. 7 shoWs the vacancy concentration 
pro?le obtained by irradiating the laser device When the 
dielectric layer 9 is present and subsequently annealing the 
device to cause the vacancies to migrate through the struc 
ture. It Will be noted that, When the irradiation is carried out 
in the presence of the dielectric layer 9, vacancies do not 
reach the active region so that the emission properties of the 
active region are not altered. This is because the presence of 
the dielectric layer 9 reduces the number of vacancies 
formed near the surface of the laser device, and this is clearly 
shoWn in FIG. 7ifor an given depth into the device, the 
vacancy concentration corresponding to curve 31 is signi? 
cantly less than the vacancy concentration of curve 32. 

Providing the dielectric layer 9 during the irradiation step 
is therefore a convenient and reliable Way of ensuring that 
the process of creating vacancies and causing them to 
migrate into the saturable absorbing layer 6 does not a?fect 
the emission properties of the active region of the laser 
device, In principle, hoWever, it is not necessary to provide 
the dielectric layer 9 during the irradiation process, provided 
that it is possible to ensure that the process of irradiating and 
annealing the device Will not a?fect the emission properties 
of the laser, For example, it may be possible to control the 
conditions of the irradiation step to ensure that a relatively 
loW number density of vacancies is created Within the laser 
device even if no dielectric layer is provided, so that 
vacancies do not migrate as far as the active region in the 
subsequent annealing step. 
The invention may be performed With any irradiation and 

annealing process that is e?‘ective to increase the band gap 
energy of the saturable absorbing layer 6 Without subse 
quently a?fecting the emission properties of the active region 
4. 
The structure of the laser device 18 shoWn in FIG. 2 is 

conventional, since the saturable absorbing layer 6 is 
absorbing over the entire area of the laser device. HoWever, 
it is possible to fabricate novel laser devices using the 
fabrication method of the invention. 

FIG. 4(a) illustrates a ?rst embodiment of a self pulsation 
laser device of the invention. The laser device 19 of FIG. 
4(a) is generally similar to the laser device of FIG. 2, except 
that the saturable absorbing layer 6 is not absorbing, for light 
emitted by the active region 4, over its entire area. In this 
embodiment the saturable absorbing layer 6 contains at least 
one region 11b that is not absorbing for light emitted by the 
active layer 4 and at least one region 11a that is absorbing 
for light emitted by the active layer 4. In the speci?c device 
shoWn in FIG. 4(a), the saturable absorbing layer 6 has three 
regions 11a that are each absorbing for light emitted by the 
active layer 4 and three regions 11b that are each not 
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absorbing for light emitted by the active layer 4, but the 
invention is not limited to three absorbing and three non 
absorbing regions. As indicated in FIG. 4(a), the absorbing 
regions 11a and non-absorbing regions 11b are preferably 
stripe-shaped, and are preferably substantially parallel to 
one another. 

A laser device of the type shoWn in FIG. 4(a) may be 
manufactured by the fabrication process of the invention. To 
manufacture the laser device of FIG. 4(a), a layer structure 
having the same general structure as the layer structure of 
the laser 17 of FIG. 1 is initially produced. (The substrate 1, 
the buffer layer 2 and the capping layer 8 have been omitted 
from FIG. 4(a), for ease of description. Again, fabrication of 
a single laser device Will be described for convenience.) The 
saturable absorbing layer 6 is disposed in the p-type clad 
ding region, and so is preferably doped p-type. 
Once the layer structure has been prepared, a dielectric 

layer 9 is deposited over the upper surface of the layer 
structure, as shoWn in FIG. 4(d) Which illustrates the manu 
facture of the laser device of FIG. 4(a). As in the previous 
embodiment, the dielectric layer may be a layer of silicon 
dioxide or silicon nitride, and may be deposited by PECVD. 

Next, strips 10a of a masking material are provided over 
the dielectric layer 9. In this embodiment a photoresist is 
used as the masking material. Photoresist is not present in 
the regions 10b betWeen adjacent strips 10a of photoresist, 
so that the dielectric layer 9 is not covered in the regions 10b 
betWeen adjacent strips 1011. FIG. 4(d) shoWs the layer 
structure after the strips 10a of photoresist have been 
provided. 

The strips of photoresist are conveniently formed by 
depositing a photoresist layer over the entire dielectric layer 
9, and patterning the photoresist layer by removing selected 
regions of the photoresist layer to leave the stripes 10a of 
photoresist. The layer of photoresist may be patterned using, 
for example, a suitable photolithographic technique. 

The layer structure is then irradiated to induce vacancies 
Within the layer structure, near the upper surface of the 
second cladding layer 7. The effect of the strips 10a of 
photoresist is to prevent formation of vacancies in regions of 
the second cladding layer 7 under the strips 10a of photo 
resist. Vacancies are created only in regions of the second 
cladding layer 7 that underlie the regions 10b Where pho 
toresist is not present. 

Next the strips 10a of photoresist and the dielectric layer 
9 material are removed, and a neW dielectric layer 9' (shoWn 
in FIG. 4(a)) is deposited over the entire surface of the layer 
structure. Suitable materials for this neW dielectric layer 
include silicon dioxide and silicon nitride, although other 
dielectric materials may be used. 

The layer structure is then annealed to cause the vacancies 
to migrate through the layer structure. 

The neW dielectric layer is again deposited to provide a 
?at upper surface for the annealing step. In principle the 
existing dielectric layer 9 and the photoresist 1011 could be 
retained and the neW dielectric layer deposited over the 
dielectric layer 9 and photoresist 1011, This may be undesir 
able in practice, hoWever, since the photoresist 1011 Would be 
baked and hardened during the annealing step, so the pho 
toresist Would then be very di?icult to remove. 

In the method according to this embodiment, vacancies 
are produced in the irradiation step only in regions of the 
second cladding layer 7 that underlie under the regions 10b 
Where photoresist is not present. When the laser device is 
annealed, therefore, vacancies migrate only into regions 11b 
of the saturable absorbing layer 6 that underlie under the 
regions 10b Where photoresist Was not present during the 
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10 
irradiation step. The regions 11b of the saturable absorbing 
layer into Which vacancies migrate correspond generally in 
shape and siZe to the regions 10b Where no photoresist Was 
present during the irradiation step. No, or feW, vacancies are 
produced in regions 11a of the saturable absorbing layer 6 
that underlie positions Where the strips 10a of photoresist 
Were present during the irradiation step. 

In this embodiment the saturable absorbing layer is a 
quantum Well layer. When the laser device 19 is fabricated, 
the saturable absorbing layer 6 is initially groWn With a band 
gap that is smaller than the energy of light emitted by the 
active region 4, so that the saturable absorbing layer 6 is 
absorbing for light emitted by the active region 4 over the 
entire area of the laser device. In the regions 11a of the 
saturable absorbing layer in Which no vacancies are induced, 
the band gap of the saturable absorbing layer Will not be 
altered, and these regions 11a of saturable absorbing layer 
thus remain absorbing for light emitted by the active region 
4. This is shoWn in FIG. 4(0). The regions 11a of the 
saturable absorbing layer that remain absorbing for light 
emitted by the active region 4 are positioned generally under 
the positions Where strips 10a of photoresist Were present 
during the irradiation step. 

In the regions 11b of the saturable absorbing layer Where 
vacancies are induced, the absorption properties of the 
saturable absorbing layer 6 are modi?ed by the vacancies. 
The vacancies Will cause quantum Well intermixing, thereby 
increasing the effective band gap of the saturable absorbing 
layer in the regions 11b of the saturable absorbing layer 
Where vacancies are induced. Provided that sufficient vacan 
cies are induced, the effective band gap of the saturable 
absorbing layer in the regions 11b Will become greater than 
the energy of light emitted by the active region 4, so that the 
regions 11b of the saturable absorbing layer Will become 
non-absorbing for light emitted by the active region 4. This 
is shoWn schematically in FIG. 4(b). The regions 11b of the 
saturable absorbing layer that are made non-absorbing for 
light emitted by the active region 4 are positioned generally 
under the areas 10b Where photoresist Was not present 
during the irradiation step. 

This embodiment of the invention therefore enables the 
absorbing properties of the saturable absorbing layer to be 
modi?ed, after the layer structure has been groWn, in one or 
more selected areasithat is, in the areas 11b that underlie 
regions 10b Where no photoresist Was present during the 
irradiation step. The absorbing properties of the quantum 
Well layer are substantially unchanged in non-selected areas, 
that is, the areas 11a that underlie the positions of the strips 
10a of photoresist present during the irradiation step. 

In FIG. 4(a) the areas 111 of the saturable absorbing layer 
that remain absorbing are arranged as a series of substan 
tially parallel stripes. The Width and separation of the stripes 
are de?ned by the Width and separation of the photoresist 
strips 1011, Which each have a Width of x With the separation 
betWeen tWo neighbouring strips 1011 being y. The long axes 
of the absorbing areas 11a of the quantum Well layer are 
preferably substantially perpendicular to the lasing direction 
of the laser device. 

In the embodiment of FIG. 4(a) the areas 11a of the 
saturable absorbing layer that remain absorbing are crossed 
With the lasing direction of the laser, and are preferably 
substantially perpendicular to the lasing direction. This 
embodiment may be applied to a stripe ridge laser device, 
and may also be applied to an edge-emitting laser device. 

Since the areas 11a of the saturable absorbing layer that 
remain absorbing are crossed With the lasing direction, there 
is considerable freedom in choosing the spacing y betWeen 
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adjacent photoresist strips 10a and the Width x of the 
photoresist strips 1011 While still ensuring su?icient overlap 
betWeen the areas 11a of the saturable absorbing layer and 
the optical mode propagating in the laser. The embodiment 
of FIG. 4(a) is therefore relatively straightforward to fabri 
cate. 

FIG. 5(a) illustrates a second embodiment of a laser 
device according to the invention. In this embodiment, the 
invention is applied to a laser having a stripe ridge. The 
stripe ridge laser device 20 of FIG. 5(a) is generally similar 
to a conventional stripe ridge laser except that the saturable 
absorbing layer 6 contains at least one region 15 that is/are 
absorbing for light emitted by the active layer 4 and at least 
one region 13 that is not absorbing for light emitted by the 
active layer 4 (and in the embodiment of FIG. 5(a) the 
saturable absorbing layer 6 contains tWo absorbing regions 
15,15). 
The laser structure 20 of FIG. 5(a) may be manufactured 

by the fabrication process of the invention. The process Will 
be described With reference to FIG. 5(a) and to FIG. 5(b) 
Which illustrates an intermediate step in the manufacture, 

Initially a conventional stripe ridge laser structure is 
produced. This laser structure has an active region 4 dis 
posed betWeen a ?rst cladding region 3 and a second 
cladding region 5, 7. (The substrate of the laser structure, 
and the buffer layer betWeen the substrate and the ?rst 
cladding region 3 have been omitted from FIGS. 5(a) and 
5(b).) A stripe ridge is produced over the second cladding 
region 5, 7, by deposition of suitable layers folloWed by 
masking and etching, and the stripe ridge is shoWn sche 
matically at 12. Areas of the second cladding region 5,7 not 
covered by the stripe ridge 12 are covered With a current 
con?ning material 21, Which is effective to con?ne injected 
current into the stripe ridge 12. 

In order to provide a self-pulsation stripe ridge laser 
device, a saturable absorbing layer 6, for example a TQW 
layer, is provided Within the second cladding region 5, 7. 
The saturable absorbing layer is groWn With an initial band 
gap that is smaller than the photon energy of light emitted by 
the active region 4, so that the saturable absorbing layer is 
initially absorbing for light emitted by the active region as 
is conventional. The saturable absorbing layer 6 is provided 
Within the p-type cladding region and so is preferably doped 
P'WPQ 

According to the fabrication method of the invention, 
quantum Well intermixing is then carried out on the portion 
13 of the saturable absorbing layer that lies generally beloW 
the stripe ridge 12. This may be done by inducing vacancies 
in the portion 13 of the saturable absorbing layer under the 
stripe ridge, for example by the irradiation and annealing 
process described above. As explained above, this increases 
the band-gap energy of the saturable absorbing layer in the 
region 13 of the saturable absorbing layer, so that the 
saturable absorbing layer becomes non-absorbing for light 
emitted by the active region 4 in the region 13 under the 
stripe ridge. The non-absorbing region 13 is stripe-shaped, 
and extends parallel to the stripe ridge. 

Further in this embodiment, the regions 15 of the satu 
rable absorbing layer that do not lie under the stripe ridge 12 
preferably do not have their band gap altered. This may be 
done by, for example, applying a suitable masking material 
22a over the upper surface of the laser device, except for an 
area 22b that substantially corresponds to the ridge stripe 12. 
This is shoWn in FIG. 5(b), Which illustrates the manufacture 
of the device of FIG. 5(a). The masking material 22a 
prevents the formation of vacancies in any areas of the laser 
device that lie under the masking material 22a and, as a 
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results, the irradiation and annealing steps produce no or feW 
vacancies in the regions 15 of the saturable absorbing layer 
that lie under the masking material 22a. The band-gap 
energy of the regions 15 of the saturable absorbing layer that 
lie under the masking material 2211 is therefore not changed 
by the irradiation/annealing steps, and so these regions 
remain absorbing for light emitted by the active region 4. 

In this embodiment the masking material 22a may be a 
photoresist. The photoresist may be deposited over the entire 
surface of the laser device, and patterned to remove photo 
resist from an area 22b that substantially corresponds to the 
ridge stripe 12 so that the dielectric layer 9 is exposed in the 
area 22b. The device is then irradiated, and the photoresist 
22a and the dielectric layer 9 are removed. A neW dielectric 
layer 9' is then deposited over the entire area of the device, 
and the device is then annealed. 
The extent of the laser’s output optical mode is indicated 

by the broken circle 23 in FIG. 5(a). The amount of optical 
absorption in the laser’ s cavity is determined by the coupling 
betWeen the absorbing regions 15 of the saturable absorbing 
layer 6 and the optical mode. The area of the laser in Which 
vacancies are induced, and hence the area of the non 
absorbing region 13 of the saturable absorbing layer 6 may 
be chosen so as to provide the desired coupling and hence 
the desired amount of absorption. 

FIG. 6(a) shoWs a third embodiment of a laser device of 
the invention. This embodiment again relates to a stripe 
ridge laser and is generally similar to the embodiment of 
FIG. 5(a). In the embodiment of FIG. 6(a), hoWever, one or 
more regions 14 of the saturable absorbing layer 6 (Which 
may again be a TQW layer) that do not underlie the stripe 
ridge 12 are non-absorbing for light emitted by the active 
layer 4. These non-absorbing regions 14 are in addition to 
the non-absorbing region 13 of the saturable absorbing layer 
that generally underlies the striped ridge 12. The additional 
non-absorbing regions 14 of the quantum Well layer 6 are 
generally stripe-shaped, and extend substantially parallel to 
the stripe ridge 12. 
The laser structure of FIG. 6(a) is manufactured in a 

similar Way to the laser structure of FIG. 5(a). HoWever, the 
masking material is provided on the upper surface of the 
laser device in stripes 22a, as shoWn in FIG. 6(b). The stripes 
22a correspond to the regions Where the saturable absorbing 
layer is desired to remain absorbing for light emitted by the 
active region 4. The stripes 27a of masking material pref 
erably extend substantially parallel to the direction of the 
stripe ridge 12 and do not overlie the stripe ridge 12, as 
shoWn in FIG. 6(b). 

In this embodiment the masking material 22a may be a 
photoresist. The photoresist may be deposited over the entire 
surface of the laser device, and patterned to remove photo 
resist from areas 22b so that the dielectric layer 9 is exposed 
in the areas 22b. The device is then irradiated, and the 
photoresist strips 22a and the dielectric layer 9 are removed. 
A neW dielectric layer 9' is then deposited over the entire 
area of the device, and the device is then annealed. 
When the laser device is irradiated and annealed, quantum 

Well intermixing occurs in all regions of the saturable 
absorbing layer 6 that are not underneath one of the stripes 
22a of masking material. As a result, therefore, regions 14 
of the saturable absorbing layer 6 that do not underlie the 
stripe ridge 12 are made non-absorbing for light emitted by 
the active region 4, The non-absorbing regions 14 of the 
saturable absorbing layer each underlie a gap 22b betWeen 
adjacent stripes 22a of the masking material. 

In addition to the regions 14 in Which the saturable 
absorbing layer is made non-absorbing for light emitted by 
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the active region 4, the region 13 of the saturable absorbing 
layer 6 that underlies the striped ridge also has its band gap 
increased so as to become non-absorbing for the light 
emitted by the active region 4. 

Areas 15 of the saturable absorbing layer 6 that underlie 
one of the stripes 22a of masking material do not have their 
effective band gap changed, since no vacancies are created 
under the stripes 22a of masking material. The regions 15 of 
saturable absorbing layer 6 that underlie the stripes 22a of 
masking material therefore remain absorbing for light emit 
ted by the active region 4. 

The invention has been described hereinabove With ref 
erence to a conventional laser (FIG. 4(a)) and to a stripe 
ridge laser (FIG. 5(a), 6(a)). The invention is not, hoWever, 
limited to use in fabricating these tWo types of semiconduc 
tor lasers. The invention may be applied to any self-pulsa 
tion semiconductor laser device and so may be applied to a 
self-pulsation vertical cavity surface emitting laser (VC 
SEL). 
Once the devices shoWn in FIGS. 4(a), 5(a) and 6(a) have 

been produced, they may be subject to further processing 
steps. For example, the dielectric layer 9' may be removed 
and contacts deposited. Alternatively, additional groWth or 
processing steps may be carried out after the dielectric layer 
9' has been removed, for example to de?ne a ridge structure. 
These processing steps are conventional, and Will not be 
described here. 

In the embodiments of FIGS. 5(b) and 6(b), the existing 
dielectric layer 9 and the photoresist 2211 could be retained 
and the neW photoresist layer 9' deposited over the dielectric 
layer 9 and the photoresist 2211, as described above With 
reference to FIGS. 4(a) and 4(d). 
As noted above, the invention may also be applied to 

other semiconductor devices in addition to lasers. 
The invention claimed is: 
1. A semiconductor device comprising: 
an active region; 
a cladding region; and 
a saturable absorbing layer disposed Within the cladding 

region, 
Wherein the saturable absorbing layer comprises a pattern 

having one portion that is absorbing for light emitted by 
the active region and another portion that is not absorb 
ing for light emitted by the active region, the one 
portion and the another portion each have top and 
bottom surfaces that are parallel to top and bottom 
surfaces of the cladding region Within Which said one 
portion and said another portion are disposed, and the 
active region is disposed beloW the saturable absorbing 
layer. 
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2. A device as claimed in claim 1 and Wherein the 

saturable absorbing layer comprises a plurality of absorbing 
portions, each absorbing portion being absorbing for light 
emitted by the active region. 

3. A device as claimed in claim 1 Wherein the saturable 
absorbing layer further comprises a plurality of non-absorb 
ing portions that are each not absorbing for light emitted by 
the active region. 

4. A device as claimed in claim 1 Wherein the absorbing 
and non-absorbing portions of the saturable absorbing layer 
are each substantially stripe-shaped. 

5. A device as claimed in claim 4 Wherein the device is a 
semiconductor laser device and Wherein the absorbing and 
non-absorbing portions of the saturable absorbing layer are 
crossed With the lasing direction of the laser device. 

6. A device as claimed in claim 1, Wherein the device is 
a semiconductor laser device. 

7. A device as claimed in claim 6 Wherein the device is a 
stripe ridge laser device, and Wherein the saturable absorb 
ing layer comprises a ?rst stripe-shaped non-absorbing 
portion disposed substantially under and substantially par 
allel to the stripe ridge. 

8. A device as claimed in claim 6 Wherein at least one 
absorbing portion of the saturable absorbing layer is coupled 
to, in use, an optical mode propagating in the laser device. 

9. A device as claimed in claim 6 Wherein the device is a 
self pulsation laser device. 

10. A semiconductor device comprising: 
an active region; 
a cladding region; and 
a saturable absorbing layer disposed Within the cladding 

region, 
Wherein the saturable absorbing layer comprises a pattern 

having one portion that is absorbing for light emitted by 
the active region and another portion that is not absorb 
ing for light emitted by the active region, 

the semiconductor device is a stripe ridge laser device, 
and 

the saturable absorbing layer comprises a ?rst stripe 
shaped non-absorbing portion disposed substantially 
under and substantially parallel to the stripe ridge, and 
at least a second non-absorbing portion, said second 
non-absorbing portion of the saturable absorbing layer 
not being disposed under the stripe ridge. 

11. A device as claimed in claim 10 Wherein said second 
non-absorbing portion of the saturable absorbing layer 
extends substantially parallel to the stripe ridge. 

* * * * * 


